12 United States Patent

US011691605B2

(10) Patent No.: US 11,691,605 B2

Books et al. 45) Date of Patent: *Jul. 4, 2023
(54) ELECTRIC DRIVE VEHICLE WITH LOW (58) Field of Classification Search
SPEED CREEP CPC .......... B60T 8/3255; B60T 8/172; B60T 8/17;
(71) Applicant: Cummins Inc., Columbus, IN (US) B60T 2220/04; B6OL 15/2009;
| j (Continued)
(72) Inventors: Martin T. Books, Columbus, IN (US);
Richard A. Booth, Columbus, IN (US); (56) References Cited

Jeffrey S. Rauch, Columbus, IN (US);
Joseph E. Paquette, Columbus, IN
(US)

(73) Assignee: Cummins Inc., Columbus, IN (US)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 0 days.

This patent 1s subject to a terminal dis-
claimer.

(21)  Appl. No.: 17/672,485

(22) TFiled:  Feb. 15, 2022

(65) Prior Publication Data
US 2022/0169219 Al Jun. 2, 2022
Related U.S. Application Data

(63) Continuation of application No. 16/470,442, filed as
application No. PCT/US2017/067534 on Dec. 20,
2017, now Pat. No. 11,273 ,811.

(Continued)
(51) Int. CL
B60T 8/32 (2006.01)
B60L 15720 (2006.01)
(Continued)

(52) U.S. CL
CPC ... B60T 8/3255 (2013.01); B60L 15/2009

(2013.01); B60OT 8/172 (2013.01);

U.S. PATENT DOCUMENTS

4,582,141 A
5,446,351 A

4/1986 van der Lely
8/1995 Kusano et al.

(Continued)

FOREIGN PATENT DOCUMENTS

DE 10 2009 033 953 2/2010
DE 10 2013 021 872 4/2014
(Continued)

OTHER PUBLICATTIONS

International Search Report and Written Opinion for International
Application No. PCT/US2017/067554, dated Mar. 9, 2018, 9 pages.

(Continued)

Primary Examiner — Russell Freyd
(74) Attorney, Agent, or Firm — Foley & Lardner LLP

(57) ABSTRACT

Systems and methods to control the vehicle speed of a
vehicle includes a motor and a controller coupled to the
motor. The controller 1s structured to: determine that a speed
of a vehicle 1s at or above a predetermined speed limit;
activate a motor speed governor responsive to an input
received by the controller, wherein the motor speed gover-
nor 1s structured to control a vehicle speed; and adjust an

output torque based on the vehicle speed being at or above
the predetermined speed limit.

(Continued) 20 Claims, 9 Drawing Sheets
1EI)E,
140 Vehicle 150
- Subsystems | N
Controller
. 120 135
122 | Accelerator Brake S ]
" Peda Mechanism o
123 . Operator 1O
. Sensors
110
15 _
130 - ]
T 1 VT Enaine o 112 ﬁi;. ~J
: Fuel Delivery : } Engine e e e e e | :
I System i b J: Transmission | | Differential |
- | Flectric Motor § _f : 3|
4~ 113 “““'“'“"“I"‘"“‘""‘"
— 115
JJ:.;Z i S
Battery
134
....h-—""'/
Charge
System




US 11,691,605 B2
Page 2

Related U.S. Application Data (56) References Cited
U.S. PATENT DOCUMENTS

(60) Provisional application No. 62/440,098, filed on Dec. |
20 2016. 8,043,194 B2 10/2011 Soliman et al.

8,315,752 B2 11/2012 Kwon et al.
8,536,809 B2 9/2013 Kojima et al.
(51) Imt. CI. 8.634.987 B2  1/2014 Seta et al.
B60T 8/172 (2006.01) 8.676.422 B2  3/2014 Lee
B60OK 6722 (2007'10) 2012/0074767 Al 3/2012 Nishio et al.
2012/0150384 Al 6/2012 Jung et al.
(52) U.S. CL 2013/0053215 Al 2/2013 Hou
CPC v B60K 6/22 (2013.01); B60L 2250/26 2013/0090799 Al  4/2013 Nakamura et al.
(2013.01); B60T 2220/04 (2013.01); B60Y gggiggggggg i; lf%g; I;Talliamura et al.
_ 1 1 1 ackson
2200/91 (2013.01); B60Y 2200/92 (2013.01) 0120057808 Al 2015 Marfaria of al
(58) Field of Classification Search 2015/0111693 Al 4/2015 Wang et al.
CPC oo, B60L. 15/2063; B60L 2250/26; B60L | |
2240/12; B60L 2240/421; B60L FOREIGN PATENT DOCUMENTS
2240/423: B60K 6/22: B60Y 2200/91: )
B60Y 2200/92; B6OW 2540/12; BEOOW  p Sl A e
2540/16; B6OW 30/146; B60W 30/18063:
B60W 2710/083; B60W 2720/10; B60W OTHER PURLICATIONS

10/08; B60W 10/18; YO2T 10/62; YO2T

10/64; YO2T 10/72; YO2T 90/16 Extended European Search Report for European Application No.
See application file for complete search history. 17885529.2, dated May 11, 2020, 8 pages.



L Ol

vel

US 11,691,605 B2

1010 o1o8|g | ._
jequsiajiq | | o o e e o o —_ | LWoIsAS
_ | .
m

Sheet 1 of 9

e
-
S
- 0L}
_4
=
—

JBJjoU0D

SIOSUSS

O/} Jojes8dO WSIUEYOOI

oweig

[epad
J0}ele|e00Y

et 0Z1

SWIBISASONS

0G1 spiyepn  |ovl

001

U.S. Patent



U.S. Patent Jul. 4, 2023 Sheet 2 of 9 US 11,691,605 B2

Operating :
Parameters .............. . E | .
| || Speed Management Circuit | | Command

Vehicle Speed ﬁ 232 |

Response Management Circuit
234 ;

FIG. 2



US 11,691,605 B2

Sheet 3 of 9

Jul. 4, 2023

U.S. Patent

¢ Ol

" a " 2 a a  a a " - " a  a a " " a  a 2 a
2 = I - ¥ R - P X a 3 x ow ¥ a . R + & 1 2 - - I - + ok ¥ x  x
I - & - r & r I - I - & - r - L I I & - I - r I ¥ I Fl & -
- P o ¥ x N 1 P I ¥ x x ¥ & a y o I P N ¥ x a
2 = +  a ¥ e 1 2 = 2 a ¥ a Y | 1 2 a ¥ a Y ¥ Pk a
O 2 x F ¥ F 1 I A x 2 . ¥ F ¥k a 1 a 2 . 3 F F ¥ x x
-
X a
I a
- " a
a2 =
I 2N
- -
- a .,
a n
a & B
a & F
a & F
a2 =
a & _E
a & m
- a .
a2 &
a & m
a2 a2 m
X a .
P
P |
I |
. . . . I P
r - a
- . " IR R |
r . ' N a g™
. . ' . e 2 m
. ] a -
. . ' I 2
r -

o
afiin | INdInG 100N

L]
--‘-..
2:, T

=

pasdy SfKisA

"::..r. .

a
& a F " .__J_ .I.rl.l..li.-
b N - & - [ LA
- ¥ - - N - | -
b L N S L
- -
* - . e
* o s .k o N
& ¥ N *

N
anbuny BORSRIY KBP




US 11,691,605 B2

Sheet 4 of 9

Jul. 4, 2023

U.S. Patent

pasds spiue;




US 11,691,605 B2

Sheet 5 of 9

Jul. 4, 2023

U.S. Patent

busieig ¥ep

L R

anbioi iie kbl -

G 9Old

w
. -t w
I | [ |
LI r &
L -k -
- v r 1 &
[ L]
L - -
- Jd [ |

&

N0 100N

of

LN

bio




US 11,691,605 B2

Sheet 6 of 9

Jul. 4, 2023

U.S. Patent

9 Old

I

nd

10

Jh

anbi

Sl rnuh o 5 P R R R T R R T T R R G T R R R R IR T I I O I O O O O O,

- - .
- L | L - - - - - . " a ra - - - - - . - g
LI | [ ] L] L] E - " - n Jd [ L] L] E E - - LI |
L] o E L] E L I | r & o E o E o E FJ [
-k & & & ! - - - & & & & & I - . - -
= & o L] - - - d = & r & E L] E - - LI | r &
L] L] L] L] L | LI [ ] E E E E E & J LI [
1 & o & 1 [ I | L | & & & & & I | L | [ L |
P & & I - - - - | & & I & - - - &
L] E - - LI | [ ] E E E E r - r 1l T F




US 11,691,605 B2

Sheet 7 of 9

Jul. 4, 2023

U.S. Patent

NN

Q 101014

Bubieig xey

Iy

il

Q1 1N

Y

b

an

e Ivicy By 23 _.u_ mm 1317

B T T T T T T T, T T, T T T T T T, T, T T T T, T T T T T T, T T T TR, T T T T TR T, T T, T T T T T T T T T, T, T T T, T, T T T T T, T, T, T T T, T, T T, T T T, T, T, T

L . ' . ' . ' ' r - e r r r r r . " o . . . ] 1] 2. ]
E E E I - - - & . o L] o E - = - - & - & L] E L] E - - - « & o o E -k
E E - s - d = & [ L] L] E E - - Jd = & [ ] E E E - " - - J LI L] L] E - " - s
N ¥ a . ] ' k& e - ¥ a ¥ a . > a
- ' o s - ' - - - - ' & "
E - - - - - « & o L] E E - = -
- a - a ] e " d T h X N X P a - a .
. & k& "k ra o - o - ' ] A
[ I [ I a = - F - Ll - F - F F F .r.. L.-. ..r
- L



U.S. Patent Jul. 4, 2023 Sheet 8 of 9 US 11,691,605 B2

&

g

o

1t

Bra

E

r. g"
« TN i _‘_




U.S. Patent Jul. 4, 2023 Sheet 9 of 9 US 11,691,605 B2

f. 900

902
Receiving, via a brake mechanism of a vehicle, an indication of a
desired change in vehicle speed
904
Activating a motor speed governor responsive to the brake
mechanism in a released state
906

Adjusting, via the motor sped governor, an output torque
responsive to the vehicle speed, wherein as a load corresponding
{o the motor increases the vehicle speed decreases
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ELECTRIC DRIVE VEHICLE WITH LOW
SPEED CREEP

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 16/470,442, filed Jun. 17, 2019 and now U.S.

Pat. No. 11,273,811, which 1s a 35 U.S.C. § 371 national
stage filing of PCT/US2017/067554, filed Dec. 20, 2017,
which claims the benefit of and priority to U.S. Provisional
Application No. 62/440,098, filed Dec. 29, 2016, all of
which are hereby incorporated by reference 1n their entire-
ties.

TECHNICAL FIELD

The present application relates generally to the field of
vehicle speed systems. More particularly, the present appli-
cation relates to systems and methods for controlling the
vehicle speed for direct drive electric vehicles.

BACKGROUND

In general, a torque converter allows a vehicle equipped
with an Automatic Transmission (Al) to seamlessly edge
forward (or backward) from a full stop with little or no effort
from the operator. Unlike the AT, a vehicle equipped with an
Automated Manual Transmission (AMT) or a Manual
Transmission (MT) 1s engaged with a clutch. When the
engine ol a vehicle that has an AMT or a MT 1s operating at
its mimimum 1dle speed, such vehicles experience clutch
engagement 1ssues that leave the vehicle moving faster than
desired. To operate the vehicle at a slower desired speed
requires the operator to allow the clutch to slip which
decreases the life of the clutch. The engine may also be
lugged back to sub-idle speeds to operate the vehicle at a
slower desired speed, however, speed control may not be
stable or the engine may stall.

A direct-drive electric vehicle 1s powered by the engage-
ment of a motor and a battery without the need of an engine
or transmission. The motor receives power from the energy
stored 1n the direct-drive vehicle battery. In general, direct-
drive electric vehicles are an eflicient alternative to a
vehicle, such as an AT, AMT, or MT, that utilizes gasoline or
diesel power. Unlike the AMT and the MT, a direct-drive
clectric vehicle does not have a combined driveline clutch
and minimum power plant speed that establishes a minimum
vehicle speed. However, operating a direct-drive electric
vehicle at very low speeds and loads 1s extremely 1neflicient.
In a parking or other low speed maneuvering situation, 1t
may be desirable to have precise control over the driveline
torque.

Theretore, there exists a need to maneuver a direct-drive
clectric vehicle at low speeds that allow the vehicle to
automatically move gradually when the brake 1s released.
Having the ability to move gradually, for example to inch
forward or backward when the brake pedal 1s released,
advantageously provides the ability to drive and maneuver
direct-drive electric vehicles with precision at low speeds.

SUMMARY

One 1mplementation relates to a system. The system
includes a motor and a brake mechanism structured to
receive an indication of a desired change 1 vehicle speed.
The system further includes a controller communicatively
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coupled to the motor and the brake mechanism. The con-
troller 1s structured to receive the indication of the desired
change 1n the vehicle speed, activate a motor speed governor
responsive to the brake mechanism being in a released state,
and adjust an output torque responsive to the vehicle speed,
wherein as a load corresponding to the motor increases the
vehicle speed decreases.

These and other features of the implementations described
herein, together with the organization and manner of opera-
tion thereof, will become apparent from the following
detailed description when taken in conjunction with the
accompanying drawings, wherein like elements have like
numerals throughout the several drawings described below.

BRIEF DESCRIPTION OF THE

DRAWINGS

The details of one or more implementations are set forth
in the accompanying drawings and the description below.
Other features, aspects, and advantages of the disclosure will
become apparent from the description, the drawings, and the
claims, 1n which:

FIG. 1 1s a schematic block diagram of an example
vehicle having an example brake mechamism according to an
example embodiment;

FIG. 2 1s a schematic block diagram of a controller
included 1n the vehicle of FIG. 1 according to an example
embodiment;

FIG. 3 1s a diagram of the vehicle speed set to zero miles
per hour according to some embodiments;

FIG. 4 15 a diagram of the vehicle speed and output torque
in a non-reverse direction according to some embodiments;

FIG. 5 15 a diagram of the vehicle speed and output torque
in a reverse direction according to some embodiments;

FIG. 6 1s a diagram of the vehicle speed and output torque
in a reverse direction according to some embodiments;

FIG. 7 1s a diagram of the vehicle speed and output torque
in a non-reverse direction according to some embodiments;

FIG. 8 1s a diagram of the vehicle speed and output torque
in a reverse direction according to some embodiments; and

FIG. 9 15 a schematic flow diagram of an example method
of controlling the vehicle speed of a vehicle.

It will be recognized that some or all of the figures are
schematic representations for purposes of illustration. The
figures are provided for the purpose of illustrating one or
more implementations with the explicit understanding that
they will not be used to limit the scope or the meaning of the
claims.

DETAILED DESCRIPTION

Below 1s a detailed description of various concepts related
to, and implementations of, methods, apparatuses, and sys-
tems for controlling the vehicle speed of a vehicle. The
various concepts itroduced above and discussed 1n greater
detail below may be implemented 1n any of numerous ways,
as the described concepts are not limited to any particular
manner of implementation. Examples of specific implemen-
tations and applications are provided primarily for illustra-
tive purposes.

Referring to the Figures generally, the various embodi-
ments disclosed herein relate to a system and method for
controlling the vehicle speed (e.g., a low speed, such as the
speed at which a vehicle creeps during a maneuver) of a
vehicle (e.g., a direct-drive electric vehicle or hybnd
vehicle). According to the present disclosure, a controller
recelves, via a brake mechanism of a direct-drive electric
vehicle, an 1ndication of a desired change 1n vehicle speed
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(c.g., whether the vehicle operator desires for a braking
action to be applied), activates a motor speed governor
structured to control the vehicle speed responsive to the
brake mechanism in a released state, and adjusts, via the
motor speed governor, an output torque responsive to the
vehicle speed. As a load corresponding to the motor
increases the vehicle speed decreases.

FIG. 1 depicts a schematic block diagram of an example
vehicle 100 according to an example embodiment. The
vehicle 100 may be a vehicle, such as a direct-drive electric
vehicle or a hybrid vehicle, powered by or otherwise oper-
able via a battery, generator (e¢.g., a power generator, gen-
crator plant, electric power strip, on-board rechargeable
clectricity storage system, etc.), a motor (e.g., an electric
motor, traction motor, etc.), etc. The vehicle 100 may be
operable 1 at least one ol a reverse direction (e.g., a
backward direction) and a non-reverse direction (e.g., a
forward direction, angular direction, etc.). The vehicle 100
may be an on-road or off-road vehicle including, but not
limited to, cars, trucks, ships, boats, vans, airplanes, space-
craft, or any other type of vehicle.

The vehicle 100 1s shown to generally include a controller
150 communicably and operatively coupled to a brake
mechanism 120 (e.g., a brake, braking system, or any other
device configured to prevent or reduce motion by slowing or
stopping components (e.g., a wheel, axle, pedal, etc. of a
vehicle), powertrain system 110, an operator input/output
(I/0) device 135, and one or more additional vehicle sub-
systems 140. It should be understood that the vehicle 100
may include additional, less, and/or different components/
systems than depicted i FIG. 1, such that the principles,
methods, systems, apparatuses, processes, and the like of the
present disclosure are intended to be applicable with any
other vehicle configuration. It should also be understood that
the principles of the present disclosure should not be inter-
preted to be limited to on-highway vehicles; rather, the
present disclosure contemplates that the principles may also
be applied to a variety of other applications including, but
not limited to, ofi-highway construction equipment, mining,
equipment, marine equipment, locomotive equipment, etc.

The powertrain system 110 facilitates power transier from
the motor 113 and/or the battery 132 to power the vehicle
100. In an example embodiment, the vehicle (e.g., a direct-
drive electric vehicle and/or a hybrid vehicle) may be
operable via a powertrain system 110 which includes a
motor 113 operably coupled to a battery 132 and charge
system 134, where the motor 113 transiers power to the final
drive (shown as wheels 115) to propel the vehicle 100. As
depicted, the powertrain system 110 includes various com-
ponents that may be included i a direct-drive electric
vehicle and/or a hybrid vehicle, such as for example, an
engine 111 operably coupled to a transmission 112, a motor
113, and a differential 114, where the differential 114 trans-
ters power output from the engine 111 to the final drive
(shown as wheels 115) to propel the vehicle 100. As a brief
overview and 1n this configuration, the controller 150 of the
vehicle 100 (e.g., an electric vehicle) provides electricity to
the motor 113 (e.g., an electric motor) 1n response to input
received by the controller 150 from the accelerator pedal
122, charge system 134 (e.g., a battery charging system,
rechargeable battery, etc.), etc. In some embodiments, the
clectricity provided to power the motor 113 may be provided
by an onboard gasoline-engine generator, a hydrogen fuel
cell, etc.

In some embodiments, the vehicle 100 may also include
the engine 111 which may be structured as an internal
combustion engine that receives a chemical energy 1nput
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(e.g., a Tuel such as natural gas, gasoline, ethanol, or diesel)
from the fuel delivery system 130, and combusts the fuel to
generate mechanical energy, 1n the form of a rotating crank-
shaft. The transmission 112 receives the rotating crankshait
and manipulates the speed of the crankshaft (e.g., the engine
speed, which 1s usually expressed 1n revolutions-per-minute
(RPM)) to eflect a desired drive shait speed. A rotating drive
shaft may be received by a differential 114, which provides
the rotation energy from the drive shaft to the final drive 115.
The final drive 115 then propels or moves the vehicle 100.
Further, the drive shalt may be structured as a one-piece,
two-piece, and/or a slip-in-tube driveshaft based on the
application.

In some examples, the vehicle 100 may include the
transmission 112. The transmission 112 may be structured as
any type of transmission, such as a continuous variable
transmission, a manual transmission, an automatic transmis-
sion, an automatic-manual transmission, a dual clutch trans-
mission, etc. Accordingly, as transmissions vary from geared
to continuous configurations (e.g., continuous variable trans-
mission), the transmission can mclude a variety of settings
(e.g., gears, for a geared transmission) that aflect different
output speeds based on the engine speed. Like the engine
111 and the transmission 112, motor 113, differential 114,
and final drive 115 may be structured 1n any configuration
dependent on the application (e.g., the final drive 115 1s
structured as wheels 1n an automotive application and a
propeller 1n an airplane application).

The vehicle 100 may include a throttle system (e.g., a
throttle system including an intake manifold throttle)
depending on the engine system utilized. The throttle system
generally includes a throttle valve (e.g., a ball valve, a
buttertly valve, a globe valve, or a plug valve), which in
certain embodiments 1s operatively and communicably
coupled to an accelerator pedal 122 and/or one or more
sensors 123. The throttle valve 1s structured to selectively
control the amount of intake air provided to the engine 111.
Because the type of engine 111 may vary from application-
to-application, the type of throttle valve may also vary with
all such possibilities and configurations falling within the
spirit and scope of the present disclosure. The term “throttle
system” as used herein should be understood broadly, and
may refer to any air management system, including without
limitation an 1ntake throttle, an exhaust throttle, and/or
mampulations of an air handling device such as a turbo-
charger (e.g. a wastegate turbocharger and/or a variable
geometry turbocharger). The throttle system may addition-
ally or alternatively be active during stoichiometric-like
operations of the engine, and 1nactive or less active during
lean burn-like operations of the engine. The throttle system
may be manipulated, 1n certain embodiments, 1n response to
the engine speed, load, and/or substitution rate, indepen-
dently and/or in conjunction with a signal from the accel-
crator pedal 122.

The accelerator pedal 122 may be structured as any type
ol torque and/or speed request device included with a system
(e.g., a floor-based pedal, an acceleration lever, etc.). Fur-
ther, the sensors 123 may include any type ol sensors
included with the brake mechanism 120, accelerator pedal
122, or any other component and/or system included 1n the
powertrain system 110 of a vehicle. For example, the sensors
123 may include an accelerator pedal position sensor that
acquires data indicative of a depression amount of the pedal
(e.g., a potentiometer), a brake mechamism sensor that
acquires data indicative of a depression amount of the brake
mechanism 120 (e.g., a brake, brake pedal, etc.), a fuel
temperature sensor, a charge air temperature sensor, a cool-
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ant temperature and pressure sensor, an ambient air tem-
perature and pressure sensor, a fuel pressure sensor, an
injection pump speed sensor, and the like.

As depicted, the vehicle 100 includes the operator I/O
device 135. The operator I/O device 135 enables an operator
of the vehicle to communicate with the vehicle 100 and the
controller 150. Analogously, the I/O device 135 enables the
vehicle or controller 150 to communicate with the operator.
For example, the operator I/O device 135 may include, but
1s not limited, an interactive display (e.g., a touchscreen,
etc.) having one or more buttons/input devices, haptic feed-
back devices, an accelerator pedal, a brake pedal, a shifter
for the transmission, a cruise control input setting, a navi-
gation 1put setting, etc. Via the I'O device 135, the con-
troller 150 can also provide commands/instructions/infor-
mation to the operator (or a passenger).

As also shown, the vehicle 100 includes one or more
vehicle subsystems 140. The various vehicle subsystems
140 may generally include one or more sensors (e.g., a speed
sensor, torque sensor, ambient pressure sensor, temperature
sensor, etc.), as well as any subsystem that may be included
with a vehicle. Accordingly, 1n an embodiment including a
hybrid vehicle, the subsystems 140 may also include an
exhaust aftertreatment system structured to reduce diesel
exhaust emissions, such as a selective catalytic reduction
catalyst, a diesel oxidation catalyst (DOC), a diesel particu-
late filter (DPF), a diesel exhaust fluid doser with a supply
of diesel exhaust fluid, and a plurality of sensors for moni-
toring the exhaust aftertreatment system (e.g., a NOX sen-
SOr).

The controller 150 1s communicably and operatively
coupled to the powertrain system 110, brake mechanism
120, accelerator pedal 122, the operator I/O device 135, and
the one or more vehicle subsystems 140. Communication
between and among the components may be via any number
of wired or wireless connections (e.g., any standard under
IEEE 802, etc.). For example, a wired connection may
include a serial cable, a fiber optic cable, an SAE 11939 bus,
a CATS cable, or any other form of wired connection. In
comparison, a wireless connection may include the Internet,
Wi-Fi, Bluetooth, Zigbee, cellular, radio, etc. In one embodi-
ment, a controller area network (CAN) bus including any
number of wired and wireless connections provides the
exchange of signals, information, and/or data. Because the
controller 150 1s communicably coupled to the systems and
components 1n the vehicle 100 (e.g., a direct-drive electric
vehicle, etc.) of FIG. 1, the controller 150 1s structured to
receive data (e.g., instructions, commands, signals, values,
etc.) from one or more of the components shown in FIG. 1.

It should also be understood that other or additional
operating parameters to control the vehicle speed may be
used. For example, additional parameters may include motor
speed, battery characteristics (e.g., battery voltage), charac-
teristics of the tuel delivery system 130 (e.g., timing, quan-
tity, rate, etc. of a hybnd vehicle), characteristics regarding
the brake position/operation and so on.

The controller 150 1includes a speed management circuit
232 as described herein with reference to FIG. 2. The speed
management circuit 232 may be communicatively coupled
to the powertrain system 110. Further, as the components of
FIG. 1 are shown to be embodied 1n a vehicle 100 (e.g., a
direct-drive electric vehicle), the controller 150 may be
structured as, include, or be communicably and operatively
coupled to at least one of a motor controller, powertrain
system controller, etc. The function and structure of the
controller 150 1s described herein with reference to FIG. 2.
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FIG. 2 1s a schematic block diagram of a controller 150
included 1n a vehicle (e.g., the vehicle 100) according to an
example embodiment. In the present embodiment, the con-
troller 150 1ncludes a processor 220, and a memory 230 or
other computer readable medium. It should be understood
that the controller 150 of FIG. 2 depicts only one embodi-
ment of the controller 150, and any other controller capable
of performing the operations described herein can be used.
In some embodiments and as alluded to above, the controller
150 may take the form of at least one of a motor controller
or a powertrain system controller.

The processor 220 can include a microprocessor, pro-
grammable logic controller (PLC) chip, an ASIC chip, or
any other suitable processor. The processor 220 1s in com-
munication with the memory 230 and structured to execute
instructions, algorithms, commands or otherwise programs
stored 1n the memory 230.

The memory 230 includes any of the memory and/or
storage components discussed herein. For example, the
memory 230 may include RAM and/or cache of the proces-
sor 220. The memory 230 may also include one or more
storage devices (e.g., hard drives, flash drives, computer
readable media, etc.) either local or remote to the controller
150. The memory 230 1s structured to store look up tables,
algorithms, or instructions.

The speed management circuit 232 may be structured to
receive, via a brake mechanism 120 of a vehicle 100 (e.g.,
a direct-drive electric vehicle), an indication of a desired
change in vehicle speed. In some embodiments, the brake
mechanism 120 may take the form of a brake, brake pedal,
brake system, etc. The brake mechanism 120 may be struc-
tured to move or 1s otherwise operable between a depressed
state and a released state. One or more sensors 123 (e.g.,
speed sensors) read, monitor, or otherwise record the speed
of the rotation of the wheels 1135 which provide an indication
of a change 1n the vehicle speed. The vehicle speed may
increase, decrease, or remain the same.

When the brake mechanism 120 1s in the depressed state
(e.g., the brake mechamism 120 1s pressed or otherwise
pushed), a force 1s applied such that the vehicle speed 1s
adjusted (e.g., decreases) or the vehicle 100 1s slowed to a
stop. The vehicle speed may be adjusted 1n proportion to an
application of the brake mechanism. For example, in the
depressed state, the brake mechanism 120 applies a force
which may cause engagement ol a switch and/or friction
between components of a brake system (e.g., the brake pads,
brake rotors, etc.) such that the indication of the desired
change 1n vehicle speed, for example a reduced vehicle
speed, 1s read by the sensors 123. In some examples, the
application of a force by the brake mechanism 120 1n the
depressed state may cause the motor 113 to enter a power
generation state (e.g., the motor generates electricity which
1s provided to the battery 132). In the power generation state,
the motor 113 causes the wheels 115 to slow which reduces
the vehicle speed. In turn, the indication of the change 1n the
vehicle speed 1s recerved by the speed management circuit
232.

Alternatively or additionally, the brake mechanism 120
may be 1n a released state. The brake mechanism 120 may
enter the released state when the brake mechanism 1is
released or when a force 1s no longer applied to the brake
mechanism 120. For example, the brake mechanism 120
(e.g., the brake pedal) enters the released state when the
brake pedal is released by the operator of the vehicle 100. In
turn, the vehicle 100 begins to move or otherwise accelerate
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to a vehicle speed (e.g., a low speed) 1n a direction deter-
mined by a gear selection system (e.g., 1n a reverse direction
or non-reverse direction).

The speed management circuit 232 may be structured to
activate a motor speed governor (e.g., a speed limiter device)
responsive to the brake mechanism 120 1n the released state.
As used herein, the term “motor speed governor” may be
used to refer to a device, system, etc. structured to manage
(e.g., control, limit, set, etc.) vehicle speed and/or output
torque. In some embodiments, the motor speed governor
may take the form of a proportional governor (e.g., a droop
governor). The motor speed governor may be activated
responsive to the brake mechanism 120 moving from a
depressed state to a released state. In some embodiments, the
speed management circuit 232 may be structured to deter-
mine whether the brake mechanism 1s 1n the released state.
Alternatively or additionally, the speed management circuit
232 may be structured to activate the motor speed governor
(e.g., a speed limiter device) responsive to an input received
via the input/output device 135. For example, the activation
of the motor speed governor may be associated with a gear
selectable by an operator. The gear may be selectable via a
gear selection system such as, but not limited to, a gear stick,
gear shift, gear lever, an onboard diagnostic system (OBD),
a display associated with the vehicle, vehicle dash, infor-
mation system, etc. The gear once selected may cause the
activation of the motor speed governor when desired by the
operator of the vehicle 100.

The motor speed governor 1s operable between a first
speed and a second speed. The first speed may include a
speed rate of zero miles per hour (mph). The first speed may
include a speed rate greater or less than zero miles per hour.
The second speed may include a calibratable speed. The
calibratable speed may correspond to a low speed between
0 and 2.5 miles per hour. In some embodiments, the motor
speed governor may limit the vehicle speed such that when
the vehicle speed increases or otherwise reaches a predeter-
mined speed limit the vehicle speed may be prevented from
increasing further. In this regard, one or more sensors 123
may detect the vehicle speed. The vehicle speed may be
received by the motor speed governor. The motor speed
governor may determine whether the vehicle speed has
reached the predetermined speed limit. If the vehicle speed
of, for example a direct-drive electric vehicle, reaches the
predetermined speed limit, the speed management circuit
232 and/or the motor speed governor may prevent the
direct-drive electric vehicle and/or hybrid vehicle from
exceeding the predetermined speed. I the vehicle speed of,
for example a hybrid vehicle, reaches or exceeds the pre-
determined speed, the speed management circuit 232 may
limit the flow of air and/or fuel to the engine 111 that causes
combustion to, thereby, limit the vehicle speed.

When the brake mechanism 120 1s 1n the depressed state,
for example, the brake pedal may be continuously applied
which may decrease the vehicle speed causing the vehicle
speed to go to zero miles per hour. When the brake mecha-
nism 120 1s released (e.g., moves from the depressed state to
the released state), the motor speed governor may gradually
(c.g., slowly) ramp up or otherwise increase the vehicle
speed from the first speed to a calibratable speed (e.g., the
second speed such as a nominal speed between 0 and 2.5
miles per hour). Alternatively or additionally, 1f the brake
mechanism 120 and the accelerator pedal 122 are released,
the motor speed governor gradually (e.g., slowly) ramps up
or otherwise increases from the first speed to the calibratable
speed (e.g., the second speed). Although the above example
includes a nominal speed between 0 and 2.5 miles per hour,

10

15

20

25

30

35

40

45

50

55

60

65

8

the example 1s understood not to limit the scope of vehicle
speeds that may be achieved 1n various embodiments.

The controller 150 further includes the response manage-
ment circuit 234. The response management circuit 234 may
be structured to adjust, via the motor speed governor, an
output torque responsive to the vehicle speed. The term
“output torque” as used herein may refer to the amount of
force the motor outputs or otherwise provides. The output
torque may be increased responsive to an adjustment of the
vehicle speed. The motor speed governor senses the
decrease in the vehicle speed (e.g., the decrease 1n revolu-
tions-per-minute (RPM)) due to the application of the brake
mechanism 120 that works against the power of the motor
113. In turn, the motor speed governor increases the output
torque to counteract the decrease 1n the vehicle speed and/or
to maintain the vehicle speed. Further description of the
motor 113 and the increased output torque 1s described
herein below with reference to FIGS. 3-8.

The powertrain system 110 eventually reaches an equi-
librium at an increased load and a lower vehicle speed as the
output torque increases when the brake mechanism 120 1s
continuously applied. For example, when a load correspond-
ing to the motor 113 increases, the vehicle speed decreases
(e.g., the RPM decreases). The load may increase due to the
vehicle 100 being on an inclined road such that an increased
output torque 1s required to maintain speed. The load may
increase because the operator 1s applying a variable amount
of force to the brake mechanism 120 such that the motor 113
increases the output torque to overcome the drag of the
brakes. In some embodiments, the vehicle speed 1s adjusted
in proportion to the load increase. Accordingly, the motor
speed governor may include the droop governor as described
above such that as the load increases, the vehicle speed
decreases proportionally. Alternatively or additionally, the
increased output torque decreases the vehicle speed accord-
ing to a governed speed droop line (e.g., a speed droop line
slope) as described 1n FIGS. 4-8.

In some embodiments, the response management circuit
234 may be structured to generate a command (e.g., a code)
structured to cause the motor speed governor to control the
vehicle speed between the first speed and the second speed.
In some embodiments, the response management circuit 234
may be structured to generate a plurality of commands. In
this regard, the command communicates operating param-
cters to the powertrain system 110 to actuate various com-
ponents, circuits, or levers of the powertrain system 110 to
cause the vehicle 100 to move or otherwise operate between
the first speed and the second speed (e.g., a nominal speed
between O and 2.5 miles per hour) such that the vehicle 100
automatically moves (e.g., gradually moves forward or
backward, gradually reduces speed to zero, inches forward
or backward, edges forward or backward, creeps, etc.) 1 a
reverse direction and/or a non-reverse direction.

In further embodiments, the response management circuit
234 may be structured to deactivate the motor speed gov-
ernor responsive to at least one of the vehicle speed com-
prising a speed rate of zero miles per hour or receiving an
indication of a desired change 1n vehicle acceleration. For
example, 1I the application of the brake mechamism 120
causes the vehicle speed to decrease to zero miles per hour,
the response management circuit 234 may deactivate the
motor speed governor. If the application of the accelerator
pedal 122 indicates a desired change in vehicle acceleration
(e.g., depressing the accelerator pedal 122 causes the vehicle
speed to increase), the response management circuit 234
may deactivate the motor speed governor. The response
management circuit 234 may be structured to deactivate the




US 11,691,605 B2

9

motor speed governor responsive to at least one of the
vehicle speed comprising a speed rate of zero miles per hour
or recerving an indication of a desired change i1n vehicle

acceleration.

FIGS. 3-8 illustrate the control of the vehicle speed
according to various embodiments. As 1illustrated 1n FIG. 3
at A, mitially the vehicle speed 1s set to zero miles per hour.
In this example, the brake mechanism (e.g., the brake pedal)
may be applied which, thereby, causes the brake mechanism
to operate 1n a depressed state as described herein above. In
FIG. 4 which 1llustrates the vehicle speed and output torque
in a non-reverse direction, the accelerator pedal 1s not
depressed and the output torque is set to zero. The vehicle
speed 1ncreases to a calibratable speed rate of, for example,
0.5 miles per hour per second. When the vehicle speed
increases or otherwise reaches a second speed of 2.5 miles
per hour, the vehicle speed, which 1s controlled via the motor
speed governor, may stop increasing. As illustrated at B
when the vehicle speed increases, the motor speed governor
increases the output torque such that the vehicle speed
behaves according to the governed speed droop line. In turn,
the increased output torque which counteracts the vehicle
speed 1ncrease causes the vehicle speed to decrease.

FIGS. 5-6 illustrate the vehicle speed and output torque in
a reverse direction according to some embodiments. In this
example, the brake mechanism may not be applied such that
the brake mechanism operates in a released state as
described herein above. The motor speed governor 1s acti-
vated with a vehicle speed set to zero miles per hour at C.
The vehicle speed decreases to a calibratable rate of, for
example, —0.5 miles per hour per second due to the reversed
direction of the vehicle. The vehicle speed, which 1s con-
trolled via the motor speed governor, stops decreasing when
the vehicle speed decreases or otherwise reaches a second
speed of —2.5 miles per hour as shown in FIG. 6 at D.

FI1G. 7 1llustrates the vehicle speed and output torque 1n a
non-reverse direction. The brake mechanism may be applied
which causes the brake mechanism to operate 1n a depressed
state. The motor 1ncreases the output torque to maintain the
vehicle speed against the increased force applied to the
brake mechanism. As the output torque increases, the
vehicle speed decreases proportionally along the governed
speed droop line. The vehicle speed and load may reach
equilibrium dependent on the application of the brakes
mechanism by the operator at E. With enough braking force,
the output torque may be increased to counter the applica-
tion of the brake mechanism. The vehicle speed may
decrease (e.g., droop) to zero miles per hour which deacti-
vates the motor speed governor.

In the example embodiment of FIG. 8 which 1llustrates the
vehicle speed and output torque 1n a reverse direction, the
brake mechanism may be applied to cause the brake mecha-
nism to operate in a depressed state. The motor increases the
output torque to maintain the vehicle speed against the
application of the brake mechanism. As the output torque
increases, the vehicle speed increases proportionally along
the governed speed droop line. The vehicle speed and load
may reach equilibrium dependent on the application of force
to the brakes mechanism by the operator at F.

FIG. 9 15 a flow diagram of an example process 900 for
a controller to control the vehicle speed of a vehicle (e.g., a
direct-drive electric vehicle or hybrid vehicle) via the cir-
cuits described herein with reference to FIG. 2. At 902, the
process 900 includes receiving, via a brake mechamism
communicatively coupled to a motor of a vehicle, an indi-
cation of a desired change 1n vehicle speed. For example, an
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indication of a change 1n vehicle speed 1s received when a
brake mechanism 1s applied such that the vehicle speed
decreases or slows to a stop.

At 904, a motor speed governor (e.g., a speed limiter
device) structured to control the vehicle speed may be
activated by a controller. The motor speed governor may be
activated responsive to the brake mechanism moving from a
depressed state to a released state. As the brake mechanism
1s released (e.g., moves from the depressed state to the
released state), the motor speed governor may gradually
(e.g., slowly) ramp up or otherwise increase the vehicle
speed from a first speed to a second speed (e.g., a nominal
speed between 0 and 2.5 miles per hour).

At 906, an output torque i1s adjusted by a controller

responsive to the vehicle speed. As the brake mechanism 1s
applied, the application of the brake mechanism works
against the power of the motor. In order to counteract the
application of the brake mechanism, the motor increases the
output torque via the motor speed governor. When a load
corresponding to the motor increases, the vehicle speed
decreases. In turn, the vehicle speed 1s adjusted 1n proportion
to the load increase such that while operating between the
first speed and the second speed, the vehicle 100 automati-
cally moves gradually forward or backward, inches forward
or backward, edges forward or backward, etc.
The schematic flow chart diagrams and method schematic
diagrams described above are generally set forth as logical
flow chart diagrams. As such, the depicted order and labeled
steps are indicative of representative embodiments. Other
steps, orderings and methods may be conceived that are
equivalent 1n function, logic, or effect to one or more steps,
or portions thereof, of the methods 1illustrated in the sche-
matic diagrams.

Additionally, the format and symbols employed are pro-
vided to explain the logical steps of the schematic diagrams
and are understood not to limit the scope of the methods
illustrated by the diagrams. Although various arrow types
and line types may be employed 1n the schematic diagrams,
they are understood not to limit the scope of the correspond-
ing methods. Indeed, some arrows or other connectors may
be used to indicate only the logical flow of a method. For
instance, an arrow may indicate a waiting or monitoring
period of unspecified duration between enumerated steps of
a depicted method. Additionally, the order in which a
particular method occurs may or may not strictly adhere to
the order of the corresponding steps shown. It will also be
noted that each block of the block diagrams and/or flowchart
diagrams, and combinations of blocks in the block diagrams
and/or tlowchart diagrams, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and program code.

Many of the functional units described in this specifica-
tion have been labeled as circuits, i order to more particu-
larly emphasize their implementation idependence. For
example, a circuit may be implemented as a hardware circuit
comprising custom VLSI circuits or gate arrays, oil-the-
shelf semiconductors such as logic chips, transistors, or
other discrete components. A circuit may also be imple-
mented 1n programmable hardware devices such as field
programmable gate arrays, programmable array logic, pro-
grammable logic devices or the like.

Circuits may also be implemented 1n machine-readable
medium for execution by various types of processors. An
identified circuit of executable code may, for instance,
comprise one or more physical or logical blocks of computer
instructions, which may, for instance, be organized as an
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object, procedure, or function. Nevertheless, the executables
of an 1identified circuit need not be physically located
together, but may comprise disparate instructions stored in
different locations which, when joined logically together,
comprise the circuit and achieve the stated purpose for the
circuit.

Indeed, a circuit of computer readable program code may
be a single instruction, or many instructions, and may even
be distributed over several diflerent code segments, among,
different programs, and across several memory devices.
Similarly, operational data may be 1dentified and illustrated
herein within circuits, and may be embodied in any suitable
form and organized within any suitable type of data struc-
ture. The operational data may be collected as a single data
set, or may be distributed over different locations including
over diflerent storage devices, and may exist, at least par-
tially, merely as electronic signals on a system or network.
Where a circuit or portions of a circuit are implemented 1n
machine-readable medium (or computer-readable medium),
the computer readable program code may be stored and/or
propagated on 1n one or more computer readable medium(s).

The computer readable medium may be a tangible com-
puter readable storage medium storing the computer read-
able program code. The computer readable storage medium
may be, for example, but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, holographic,
micromechanical, or semiconductor system, apparatus, or
device, or any suitable combination of the foregoing.

More specific examples of the computer readable medium
may include but are not limited to a portable computer
diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), a portable com-
pact disc read-only memory (CD-ROM), a digital versatile
disc (DVD), an optical storage device, a magnetic storage
device, a holographic storage medium, a micromechanical
storage device, or any suitable combination of the foregoing.
In the context of this document, a computer readable storage
medium may be any tangible medium that can contain,
and/or store computer readable program code for use by
and/or 1n connection with an instruction execution system,
apparatus, or device.

The computer readable medium may also be a computer
readable signal medium. A computer readable signal
medium may include a propagated data signal with com-
puter readable program code embodied therein, for example,
in baseband or as part of a carrier wave. Such a propagated
signal may take any of a variety of forms, including, but not
limited to, electrical, electro-magnetic, magnetic, optical, or
any suitable combination thereol. A computer readable sig-
nal medium may be any computer readable medium that 1s
not a computer readable storage medium and that can
communicate, propagate, or transport computer readable
program code for use by or 1n connection with an instruction
execution system, apparatus, or device. Computer readable
program code embodied on a computer readable signal
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, Radio Frequency (RF), or the like, or any suitable
combination of the foregoing.

In one embodiment, the computer readable medium may
comprise a combination of one or more computer readable
storage mediums and one or more computer readable signal
mediums. For example, computer readable program code
may be both propagated as an electro-magnetic signal
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through a fiber optic cable for execution by a processor and
stored on RAM storage device for execution by the proces-
SOF.

Computer readable program code for carrying out opera-
tions for aspects of the present mnvention may be written in
any combination of one or more programming languages,
including an object oriented programming language such as
Java, Smalltalk, C++ or the like and conventional procedural
programming languages, such as the “C” programming
language or similar programming languages. The computer
readable program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
computer-readable package, partly on the user’s computer
and partly on a remote computer or entirely on the remote
computer or server. In the latter scenario, the remote com-
puter may be connected to the user’s computer through any
type ol network, including a local area network (LAN) or a
wide area network (WAN), or the connection may be made
to an external computer (for example, through the Internet
using an Internet Service Provider).

The program code may also be stored 1n a computer
readable medium that can direct a computer, other program-
mable data processing apparatus, or other devices to func-
tion 1n a particular manner, such that the instructions stored
in the computer readable medium produce an article of
manufacture including instructions which implement the
function/act specified in the schematic flowchart diagrams
and/or schematic block diagrams block or blocks.

Retference throughout this specification to “one embodi-
ment,” “an embodiment,” or similar language means that a
particular feature, structure, or characteristic described in
connection with the embodiment 1s included 1n at least one
embodiment of the present invention. Thus, appearances of
the phrases “in one embodiment,” “in an embodiment,” and
similar language throughout this specification may, but do
not necessarily, all refer to the same embodiment.

Accordingly, the present disclosure may be embodied 1n
other specific forms without departing from 1ts spirit or
essential characteristics. The described embodiments are to
be considered in all respects only as illustrative and not
restrictive. The scope of the disclosure 1s, therefore, indi-
cated by the appended claims rather than by the foregoing
description. All changes which come within the meaning
and range of equivalency of the claims are to be embraced
within their scope. No claim element herein 1s to be con-
strued under the provisions of 35 U.S.C. § 112, sixth
paragraph, unless the element 1s expressly recited using the
phrase “means for.”

What 1s claimed 1s:

1. A system, comprising;

a motor; and

a controller coupled to the motor, the controller structured

to:

determine that a speed of a vehicle 1s at or above a
predetermined speed limat;

activate a motor speed governor responsive to an input
received by the controller, wherein the motor speed
governor 1s structured to control a vehicle speed; and

adjust an output torque based on the vehicle speed
being at or above the predetermined speed limut.

2. The system of claim 1, wherein the vehicle 1s a
direct-drive electric vehicle or a hybrid vehicle.

3. The system of claim 1, wherein the motor speed
governor 1s operable between a first speed and a second
speed, and wherein the first speed comprises a speed rate of
zero miles per hour and the second speed comprises a
calibratable speed.
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4. The system of claim 1, wherein the calibratable speed
corresponds to a rate of speed between zero miles per hour
and approximately 2.5 miles per hour.

5. The system of claim 1, wherein the adjustment of the
output torque responsive to the input received by the con-
troller comprises adjusting the output torque 1n proportion to
a load on the motor.

6. The system of claim 1, wherein the output torque is
increased responsive to an adjustment of the vehicle speed.

7. The system of claim 1, wherein the vehicle speed 1s
adjusted based on an application of a brake mechanism.

8. The system of claim 7, wherein the brake mechanism
1s movable between a depressed state and a released state.

9. The system of claim 1, wherein the controller 1s further
structured to deactivate the motor speed governor responsive
to at least one of the vehicle speed having a rate of zero miles
per hour or receiving an indication of the vehicle speed
being below the predetermined speed limut.

10. The system of claim 1, wherein the mput includes a
transmission setting of a transmission of the vehicle.

11. A system comprising;:

at least one processing circuit comprising a processor

coupled to a memory device storing instructions therein

that, when executed by the processor, cause the pro-

cessing circuit to:

receive a speed of a vehicle that 1s at or above a
predetermined speed limat;

receive an nput;

activate a motor speed governor based on the mnput,
wherein the motor speed governor 1s structured to
control a vehicle speed; and

adjust, via the motor speed governor, an output torque
based on the vehicle speed being at or above the
predetermined speed limat.

12. The system of claim 11, wherein the motor speed
governor 1s operable between a first speed and a second
speed, and wherein the first speed comprises a speed rate of
zero miles per hour and the second speed comprises a
calibratable speed.
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13. The system of claim 12, wherein the adjustment of the
output torque based on the mput comprises adjusting the
output torque in proportion to a load on a motor.
14. The system of claim 11, wherein the instructions,
when executed by the processor, further cause the process-
ing circuit to deactivate the motor speed governor respon-
sive to at least one of the vehicle speed comprising a speed
rate ol zero miles per hour or receiving an indication of a
desired change 1n vehicle acceleration.
15. A method comprising:
determining, by a controller, that a vehicle speed of a
vehicle 1s at or above a predetermined speed limut;

activating, by the controller, a motor speed governor
responsive to an input received by the controller,
wherein the motor speed governor 1s structured to
control the vehicle speed; and

adjusting, by the controller via the motor speed governor,

an output torque based on the vehicle speed being at or
above the predetermined speed limut.

16. The method of claim 15, wherein the motor speed
governor 1s operable between a first speed and a second
speed, and wherein the first speed comprises a speed rate of
zero miles per hour and the second speed comprises a
calibratable speed.

17. The method of claim 15, further comprising deacti-
vating, by the controller, the motor speed governor respon-
sive to at least one of the vehicle speed comprising a speed
rate of zero miles per hour or receiving an indication of the
vehicle speed being below the predetermined speed limiat.

18. The method of claim 16, further comprising monitor-
ing, by the controller, the vehicle speed.

19. The method of claim 18, further comprising provid-
ing, by controller, an indication of a change 1n vehicle speed
to the motor speed governor.

20. The method of claim 16, further comprising, reducing,
by the controller, the vehicle speed by causing a motor to
initiate a power generating state.
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